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Abstract
Background: The Lifestyle-integrated Functional Exercise 
(LiFE) program is an intervention integrating balance and 
strength activities into daily life, effective at reducing falls in 
at-risk people ≥70 years. There is potential for LiFE to be 
adapted to young seniors in order to prevent age-related 
functional decline. Objective: We aimed to (1) develop an 
intervention by adapting Lifestyle-integrated Functional Ex-
ercise (aLiFE) to be more challenging and suitable for pre-
venting functional decline in young seniors in their 60s and 
(2) perform an initial feasibility evaluation of the program. 
Pre-post changes in balance, mobility, and physical activity 
(PA) were also explored. Methods: Based on a conceptual 
framework, a multidisciplinary expert group developed an 
initial aLiFE version, including activities for improving 
strength, neuromotor performances, and PA. Proof-of-con-
cept was evaluated in a 4-week pre-post intervention study 
measuring (1) feasibility including adherence, frequency of 
practice, adverse events, acceptability (i.e., perceived help-
fulness, adaptability, level of difficulty of single activities), 
and safety, and (2) changes in balance/mobility (Community 
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Balance and Mobility Scale) and PA (1 week activity monitor-
ing). The program was refined based on the study results. 
Results: To test the initial aLiFE version, 31 young seniors 
were enrolled and 30 completed the study (mean age 66.4 ± 
2.7 years, 60% women). Of a maximum possible 16 activities, 
participants implemented on average 12.1 ± 1.8 activities 
during the intervention, corresponding to mean adherence 
of 76%. Implemented activities were practiced 3.6–6.1 days/
week and 1.8–7.8 times/day, depending on the activity type. 
One noninjurious fall occurred during practice, although the 
participant continued the intervention. The majority found 
the activities helpful, adaptable to individual lifestyle, appro-
priately difficult, and safe. CMBS score increased with medi-
um effect size (d = 0.72, p = 0.001). Increase in daily walking 
time (d = 0.36) and decrease in sedentary time (d = –0.10) 
were nonsignificant. Refinements included further increas-
ing the task challenge of some strength activities and defin-
ing the most preferred activities in the trainer’s manual to 
facilitate uptake of the program. Conclusion: aLiFE has the 
potential to engage young seniors in regular lifestyle-inte-
grated activities. Effectiveness needs to be evaluated in a 
randomized controlled trial. © 2019 S. Karger AG, Basel
Introduction
With a growing population approaching retirement 
age, there is increasing focus on how to prevent function-
al decline. Efforts to preserve functional capacity should 
begin early during the ageing process, when it is possible 
to maintain skills for independence [1].
While subtle functional decline starts after age 30, 
marked performance change occurs after age 60 [2]. This 
decline is, however, extremely heterogeneous with re-
spect to domains of strength, neuromotor function, and 
aerobic capacity. Some individuals have relatively pre-
served function in specific domains, while others have 
impairments in one or multiple domains [2, 3]. Low 
strength is a primary limiting factor for functional inde-
pendence [3]. Reduced neuromotor functions, including 
balance, coordination, gait, and agility, frequently cause 
mobility impairment [3]. Low aerobic fitness and seden-
tary behavior are all negatively associated with health out-
comes [2, 3].
Physical activity (PA) is one of the most important de-
terminants for maintaining function during the ageing 
process [4]. General PA such as walking is associated with 
better health and function [5]. Reducing sedentary be-
havior is also important [6]. Further, regular strength and 
neuromotor training are recommended by the American 
College of Sports Medicine (ACSM) [4]. However, only 
21% of retired people meet ACSM recommendations to 
perform strength and neuromotor exercises ≥2 days/
week [7]. Specific interventions fostering regular PA, 
strength, and neuromotor exercise during ageing are 
needed.
Current interventions are typically offered as formal 
programs, with exercises carried out in addition to rou-
tine tasks. While effective in the short term, formal pro-
grams have largely failed to induce long-term change to-
ward regular exercise [8]. For many seniors, formal exer-
cise is not appealing [9], and everyday activities such as 
gardening is preferred [10]. 
Integrating exercises into lifestyle activities has been 
suggested as a promising alternative or supplement to 
formal training [11]. Integrated training can be per-
formed with a minimum of additional time and can foster 
behavioral change by turning daily routines into oppor-
tunities to exercise. Some studies have focused solely on 
general PA such as walking, for example, walking rather 
than taking the bus. This approach has been expanded to 
integrate functional strength and balance exercises, as de-
scribed in the “Lifestyle-integrated Functional Exercise” 
(LiFE) program [12]. LiFE was developed for falls preven-
tion and comprises age-appropriate lower-extremity 
strength and balance activities. Compared to traditional 
training, LiFE has shown higher adherence and greater 
effects on functional performances in fall-prone adults 
with an average age of 83 years [12]. LiFE defines a set of 
increasingly challenging lifestyle-integrated strength ac-
tivities such as carrying out a half-squat while opening a 
floor cupboard. Likewise, a set of gradually increasing 
balance activities is defined. However, these exercises 
have been developed specifically for older fallers and lack 
more challenging activities for preventing early function-
al decline in young seniors. The literature on the develop-
ment of programs for older adults stresses the importance 
of adequate challenge and progression [13]. This could 
include age-appropriate neuromotor activities focusing 
on agility and sensorimotor function, as defined by the 
ACSM [7]. Also, challenging strength activities allowing 
adequate muscle loading for inducing a training effect in 
young seniors [13], for example, lunging with additional 
weight, are not included in LiFE. Furthermore, LiFE does 
not focus on increasing aerobic capacity and reducing 
sedentary behavior, which have both been shown to be 
important for healthy ageing [2, 3].
LiFE does not contain a catalog of activities with the 
intention to prevent functional decline in multiple do-
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mains in young seniors and there is therefore likely to be 
a ceiling effect with the current program. Our systematic 
review suggests that the program has not been adapted to 
those aged 60–70 years [11]. Developing an adapted LiFE 
program seems highly relevant to tackle an accelerated, 
but preventable, functional decline at this age in those not 
meeting PA guidelines, not interested in formal training, 
and those with functional decline risk factors.
The primary aims of this study were (1) to develop a 
lifestyle-integrated intervention for young seniors by 
adapting Lifestyle-integrated Functional Exercise (aLiFE) 
to be more adequately challenging for 60–70-year-olds 
and (2) to perform initial evaluation of the aLiFE’s feasi-
bility. As secondary aims, we explore pre-post interven-
tion changes in balance, mobility, and PA patterns. 
Methods
Development of the aLiFE Program
aLiFE was developed as part of the PreventIT Project (Horizon 
2020, grant no. 689238). PreventIT aims to develop aLiFE (year 1), 
transfer it to an electronic platform (eLiFE, year 1) and compare 
both programs in a randomized controlled trial (RCT; year 2–3). 
This paper reports the development, testing, and refinement of 
aLiFE. The study protocol relating to eLiFE and the RCT is pub-
lished separately [14]. We used the UK Medical Research Council 
(MRC) framework [15] to guide the development and initial fea-
sibility testing of the aLiFE intervention in 2 stages. Stage 1 includ-
ed the development of the initial aLiFE version based on 5 multi-
disciplinary workshops involving experts in movement and exer-
cise sciences, physiotherapy, psychology, public health, occu- 
pational therapy, gerontology, and geriatric medicine. Six seniors 
aged between 60 and 70 years (2 males, 4 females) were also in-
volved in the initial development and provided feedback about the 
ideas of the interdisciplinary team. Stage 2 included feasibility test-
ing of the initial aLiFE version in a pilot study with the target 
group. Refinements to the program were made based on the study 
results.
Stage 1: Development of the Initial aLiFE Version
Conceptual Framework 
aLiFE targets risk factors for functional decline using personal-
ized lifestyle-integrated training. We do this by integrating risk 
factor-specific, personalized activities into everyday routines, ulti-
mately becoming habitual. The conceptual framework includes 3 
elements: “Target risk factors,” “Personalized activities,” “Behav-
ioral change.”
Target Risk Factors. Literature was used to define risk factors of 
age-related functional decline that are modifiable via exercise 
training and PA [3, 16]. Factors were (i) Function and mobility 
related lower-extremity strength impairment. (ii) Neuromotor 
deficits related to postural instability in everyday tasks of young 
seniors (specifically, deficits in balance, agility, sensorimotor con-
trol, and motor-cognitive control). (iii) Functional PA decline and 
sedentariness that are increasingly prevalent in young seniors.
Personalized Activities. Individual tailoring maximizes chal-
lenge and reduces risk. For instance, some young seniors have 
above average functional strength (sit-to-stand test) comparable to 
young adults (6 s) while others’ performance is comparable to 
those aged ≥85 (15 s), putting them at risk of loss of mobility [17]. 
The intervention needs to offer a range of lower-extremity func-
tional strength activities appropriate to baseline performance, per-
mitting progression in the longer-term. Based on an individual-
ized assessment, strength training should also be tailored to 
deficits in specific lower-extremity muscle groups relevant for 
ambulation, including hip, thigh, shank, and foot muscles [3, 
4, 13].
Likewise, some young seniors show largely intact neuromotor 
abilities, while others have impairments resulting in gait instabil-
ity and falls [18]. Neuromotor impairments are related to degrada-
tions of sensory channels, that is, vestibular, visual, proprioceptive, 
and deficits in higher level adaptive systems [19]. Reduced dual-
task performance also causes postural instability [20]. According-
ly, the program needs to target specific neuromotor risk factors via 
specific activities tailored based on individualized assessment. 
Furthermore, high interindividual differences in PA levels of 
retired adults require a program offering PAs ranging from basic 
activities, for reducing sedentary behavior, toward challenging 
PAs such as fast walking in order to allow progression over the 
course of the intervention. 
In developing the intervention content, we considered estab-
lished PA and exercise guidelines for (i) progressive strength train-
ing of lower extremity muscles relevant for daily activities; (ii) pro-
gressive neuromotor training including balance, agility, and coor-
dination to ambulate safely; and (iii) general PA promotion and 
strategies for reducing sedentary behavior [3, 4, 13, 21].
Behavioral Change. The intervention should be tailored to in-
dividuals’ needs, preferences, and personal goals; to change behav-
iors form habits; and promote appropriate activity [22]. We know 
that goal setting and personalized feedback are motivational for 
older adults, including those in this age bracket [23]. The habit 
formation concept has been shown to be feasible and effective in 
previous interventions such as changing dietary behavior [24] and 
lifestyle-integrated activity habits [11, 22]. Activities preferred by 
young seniors [25] such as walking, outdoor activities, household 
tasks, shopping, food/drink preparation, reading, or watching TV 
were considered for integrating exercises (online suppl. Table 1; 
see www.karger.com/doi/10.1159/000499962 for all online suppl. 
material). Individual activity goals were an addition to the original 
LiFE conceptual framework to foster behavioral change (Table 1). 
The aLiFE behavior change framework, which builds on the origi-
nal LiFE framework [22], was underpinned by Habit Formation 
Theory and the Health Action Process Approach, and comprises 
25 behavior change techniques mapped to Michie et al.’s [26] tax-
onomy, fully described elsewhere [23].
Content of the aLiFE Program
LiFE comprises basic functional activities for older fallers [12], 
but needed to be adapted to include both basic and challenging 
activities for individual tailoring and progression in young seniors. 
Table 1 gives an overview of characteristics of aLiFE compared to 
LiFE. All the components of the original program were retained, 
including the mode of delivering the intervention via home visits 
by qualified trainers [27]. Activities were extended for aLiFE by 
adding challenging strength and neuromotor activities. Addition-
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ally, a module to increase PA and reduce sedentary behavior was 
developed. The aLiFE activity modules are summarized below.
Strength Activity Module. The aLiFE strength activities focus on 
lower extremity muscle groups including hip, thigh, and ankle. 
The 4 LiFE strength principles for increasing frequency (“increase 
the number of times you use a muscle”), intensity (“use fewer mus-
cles to move the same weight,” “increase the amount of weight you 
have to lift or move”), and duration (“move slowly”) were retained. 
New principles (“increase the range of your motion”) and more 
challenging activities such as one-legged squatting or lunging were 
added (online suppl. Table 1). In summary, aLiFE comprises 7 
strength activities including “bend your knees” (squatting, lung-
ing), “sit-to-stand,” “on your toes” (toe walking, toe standing), “on 
your heels” (heel walking, heel standing), “up the stairs” (stair 
climbing), “move sideways” (sideways walking), and “tightening 
muscles” (ankle/hip flexion/extension, wall sitting). Task challenge 
increases from Levels 1–4, based on one or a combination of 
strength principles (online suppl. Table 1). For example, squatting 
progresses from a quarter squat (Level 1), to a half squat (Level 2), 
to a quarter one-legged squat (Level 3). Levels are individually ad-
justed based on the aLiFE Assessment Tool (aLAT), administered 
by a trainer based on standardized procedure (online suppl. Table 
2). The aLAT is used to set starting levels as well as upgrading ac-
tivities.
Neuromotor Activity Module. The original LiFE program com-
prises balance activities categorized into the principles (1) “reduc-
ing base of support,” (2) “shifting weight and moving to limits of 
stability,” and (3) “stepping over objects.” Task challenge in origi-
nal LiFE ranges from practicing activities with hold support to 
practicing with one additional task which is either cognitive (e.g., 
counting backward) or manual (e.g., combing hair; online suppl. 
Table 1). 
Table 1. Adaptions made in aLiFE as compared to LiFE
Aspect LiFE aLiFE
Aim of the program Prevent falls Prevent functional 
decline
Target group Older adults 75+ years 
at risk of falls




Low-intensity strength tasks ++ ++
High-intensity strength tasks – ++
Neuromotor module 
Static balance tasks ++ ++
Dynamic balance tasks + ++
Sensorimotor tasks + ++
Dual-tasks + ++
Self-perturbation tasks + ++
Agility tasks – ++
PA module
Structured recommendations for reducing sedentary 
behavior and integrating physical activities – ++
Behavioral change framework
Intensions to act ++ ++
Goal setting for young seniors – ++
Planning how, when, and where ++ ++
Activities into daily routine ++ ++
Habit formation and mastery ++ ++
Situational, environmental cues ++ ++
Practice and repetition ++ ++
Self-monitoring ++ ++
The original LiFE modules were retained in aLiFE but extended by adding challenging activities. A physical 
activity module was developed for aLiFE. Some adaptions were also made to the behavioral change framework, 
which are reported in detail elsewhere [23]. – = not included; + = basic features included; ++ advanced features 
included. aLiFE, adapted Lifestyle-integrated Functional Exercise; LiFE, Lifestyle-integrated Functional Exercise; 
PA, physical activity.
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The original LiFE balance training was retained in aLiFE and 
extended by adding neuromotor training comprising balance, agil-
ity, sensorimotor, and multitask training relevant for young se-
niors [4, 6]. The aLiFE neuromotor activity module includes 7 ac-
tivities categorized into 4 principles: (1) “reducing base of support” 
(3 activities), (2) “shifting weight and moving to limits of stability” 
(one activity), (3) “stepping over objects” (one activity), and (4) 
“stepping and hopping in different ways” (2 activities; online sup-
pl. Table 1). For principles 1–3, task challenge ranges from practic-
ing activities with hold support (level 1) to practicing activities 
with 2 additional challenges (level 4). Additional challenges in-
clude manual (e.g., brushing hair), sensorimotor (e.g., eyes closed), 
cognitive (e.g., talking on phone), or self-perturbation (e.g., pivot 
turn) tasks. Additional challenges can be combined in several ways 
such as one-leg stand with eyes closed plus cognitive task. Progres-
sion is based on motor-learning theory [28] starting with focusing 
consciously on the primary activity such as one-leg stand with sup-
port (level 1). If the task can be executed safely, additional chal-
lenges are added (level 3–4). Ecologically valid challenges foster 
practice of relevant functional abilities. For instance, turning the 
head and performing a manual activity while maintaining balance 
are typical everyday tasks requiring simultaneous coordination of 
motor skills.
The principle “stepping, hopping, and jumping” comprises 
agility activities specifically developed for aLiFE (online suppl. Ta-
ble 1). These activities are based on square-stepping exercises [29], 
which are age-relevant challenges and can be incorporated into 
everyday routine (e.g., during walking). For aLiFE, a series of step-
ping patterns with increasing task challenge were developed (on-
line suppl. Table 1; Fig. 1, 2). Task challenges can be further in-
creased by progressing from stepping to hopping, to jumping. Step-
ping patterns are taught by a trainer during home visits and 
afterward implemented into everyday routines. Stepping activities 
provide agility exercises during everyday activity, with simultane-
ous neuromuscular, cardiocirculatory, and cognitive training [29]. 
Training levels for all neuromotor activities are personalized using 
aLAT (online suppl. Table 2). 
PA Module. A stepwise increase of PA and reduction in seden-
tary time conceptual model were developed for aLiFE, taking into 
account that our younger target population are more active out-
doors than the original LiFE population [30]. Following the LiFE 
model, PA can be integrated into daily life without requiring much 
additional time. Principles are based on contemporary evidence 
about health benefits of increasing PA and reducing sedentary be-
havior [6, 21]. The aLiFE PA-module comprises 2 principles: 
“Walk more” and “Reduce sedentariness.” Two types of activities 
are described within each principle: “Walk more” covers walk lon-
ger and walk faster and “Reduce sedentariness” comprises sit less 
and break up sitting (online suppl. Table 1). The participant can 
plan specific situations or cues for when to perform these activities 
(e.g., get up during TV commercial break, or park the car further 
from the grocery store to walk further). When a participant choos-
es an activity from the PA module, and is able to improve walking 
distance/pace and/or sitting time/breaks, he or she is encouraged 
to progress by increasing levels, or by finding additional situations 
into which the activities can be integrated.
The original LiFE participants’ [31] and trainers’ manuals [27] 
were adapted by including background information, explanations, 
and pictures of aLiFE principles and activities.
Stage 2: aLiFE Feasibility Pilot
Study Design and Setting 
A multicenter pilot study was run at the Robert-Bosch-Hospi-
tal Stuttgart (Germany), VU University Medical Centre Amster-
dam (Netherlands), and the Norwegian University of Science and 
Technology (Norway). It comprised a 4-week, uncontrolled, pre-
post design to test the feasibility of aLiFE and explore the potential 
for changes in balance, mobility, and PA. The intervention lasted 
4 weeks including 4 home visits. This was shorter than the original 
LiFE (7 visits over 3 months) [12], but sufficient for initial inter-
vention testing. The study was conducted in 2016; recruitment 
(March – April), baseline assessment (May – June), intervention 
(May – July), and follow-up assessment (June – July). Ethical ap-
provals and registration (ISRCTN37750605) were obtained.
Study Population
Each site aimed to recruit 10 participants via newspapers and 
flyers, total = 30. We aimed to recruit participants aged 60–70 liv-
ing in the community who were not frequently exercising. Exclu-
sion criteria were inability to walk 500 m without aids, cognitive 
impairment (Montreal Cognitive Assessment < 24 points [32]), 
diseases where exercise is contraindicated, and attending orga-
nized exercise classes more than twice a week and/or exercising 
> 2 h alone each week. Participants provided written informed con-
sent.
Study Procedures 
Assessments. Pre/post-assessments were conducted at study 
centers, except daily PA assessment (described below). 
Administering the Intervention. aLiFE was administered fol-
lowing original LiFE guidelines [27], except for the shorter inter-
vention duration and fewer home visits. One week prior to the first 
visit, participants received the original LiFE Daily Routine Chart 
(DRC) to document weekly personal routines (e.g., housework, 
shopping, leisure activities). DRC information was used during 
visits to identify everyday tasks for integrating activities [27]. Par-
ticipants were asked to read the background section of the aLiFE 
participants’ manual, provided before the first visit. Each visit last-
ed approximately 1.5 h. Visits were conducted by aLiFE trainers 
certified through a 2-day course (online suppl. Table 3). Six train-
ers (2 each in Stuttgart, Amsterdam, Trondheim) with a back-
ground in physical therapy or exercise science taught the program. 
The first visit comprised reviewing the DRC and performing the 
aLAT to set the difficulty level for activities (online suppl. Table 2). 
Trainer and participant agreed on up to 4 activities, depending on 
each participant’s preferences. These were documented in an Ac-
tivity Planner, including “how” (e.g., without holding support), 
“when” (e.g., while brushing teeth), and “where” (e.g., in the bath-
room) to perform the activities. Trainers recommended selecting 
activities from different modules including strength, neuromotor, 
and PA. Following the LiFE model, trainers recommended practic-
ing the prescribed activities as often as possible each day, but no 
number of repetitions was specified. Subsequent visits included 
implementation of up to 4 new activities, depending on partici-
pants’ preferences. Participants were encouraged to try as many 
activities as possible in order to experience the program. 
Measurements
Participant Characteristics. Comorbidities (number), fall his-
tory in the past 6 months, cognition (Montreal Cognitive Assess-
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ment), pain during walking (Visual Analogue Scale), and balance 
confidence (Activities-specific Balance Confidence Scale [33]) 
were assessed. Functional lower extremity strength was measured 
by the number of repetitions achieved during 30-s chair stand [34]. 
Functional performance was measured using Timed-Up-and-Go 
test [35]). The Community Balance and Mobility Scale (CBMS) 
was used to measure balance and mobility in 13 challenging tasks 
representing functional skills required for safe ambulation in rela-
tively fit seniors [36]. Aerobic capacity was measured using the 
400 m walk at a fast pace (20 times in a 20 m loop).
Feasibility measures obtained during intervention:
 − Adherence defined as the number of activities implemented 
during the intervention, with a maximum of 16 (4 per visit). 
“Implemented” was defined as reporting performing an activ-
ity at least once per week.
 − Frequency of practice defined as weekly practice of each activity 
reported in the Activity Planner. Daily practice was document-
ed as activity episodes in an Activity Counting Sheet [27]. An 
activity episode represents an aLiFE activity integrated into a 
daily task. For instance, tandem walking along the hallway 
would be one episode. 
 − Adverse events including self-reported pain, falls and injuries 
were collected by the trainers. 
 − Acceptability of the activities defined as reported perceived 
helpfulness for improving strength, balance, and PA; adapt-
ability to personnel routine, and safety of practice documented 
by 7-point Likert-scale items developed for the study adminis-
tered during each visit.
 − Task challenge of aLiFE practice was documented in the aLAT 
during visit 1 (online suppl. Table 2). For each activity, the chal-
lenge level was documented. Being unable to perform an activ-
ity at the lowest level indicated a floor effect, conversely perfor-
mance at the highest level indicated ceiling effect.
Feasibility measures obtained post intervention: 
 − Acceptability of aLiFE defined as overall reported acceptability, 
perceived helpfulness, adaptability, level of difficulty, and safe-
ty documented using 7-point Likert-scale (online suppl. Table 
4). Participants were also asked the open-ended question 
“Please explain why you scored in this way and suggest any 
changes to the program” and answers documented. Focus 
groups were conducted to collect further information about the 
aLiFE intervention with results reported elsewhere [37].
 − Activity preferences were documented by the question: “Please 
name your 3 favorite aLiFE activities.”
Exploratory pre-post measures: 
 − Challenging balance and mobility performances measured by 
the CBMS. 
 − PA captured in the week prior (week 0) and during (week 3) the 
intervention using a sensor worn continuously on the lower 
back using an elasticated belt (DynaPort MoveMonitor, 
McRoberts, Netherlands). Participants were instructed only to 
remove the sensor during water emersion. Percentage of sed-
entary time (i.e., energy expenditure ≤1.5 MET) and walking 
time were extracted from raw data using validated algorithms 
[38]. Assessments were conducted by trained staff, who also 
delivered the intervention.
Statistical Analysis
Participant characteristics are reported using parametric or 
nonparametric measures of central tendency and dispersion 
(mean SD, median interquartile range) as appropriate. Pre-post 
changes were explored using Wilcoxon signed-rank test. Mean dif-
ference, CIs, and Cohen’s d effect sizes were calculated [39]. Effects 
were interpreted as small (d = 0.2), medium (d = 0.5), and large 
(d = 0.8), p value ≤0.05 was accepted. Analysis was performed us-
ing SPSS 22.0 (IBM, Armonk, NY, USA).
Results
Sixty-one community dwellers were screened for eligi-
bility (online suppl. Fig. 3), and 31 (10 each in Amsterdam 
and Trondheim, 11 in Stuttgart) were recruited (Table 2). 
Timed-Up-and-Go mean = 8.5 ± 1.6 s, with nobody above 
Table 2. Baseline characteristics of study participants (n = 31)
Variable n = 31
Age, years 66.4±2.7 (60–70) 
Women, number 20 (60)
MoCA (0–31), score 26.7±2.0 (24–30)
Comorbidities, number 1.7±1.2 (0–4)
Falls in the past 6 months, number of participants 7 (22.6)
Pain during walking, Visual Analogue Pain Scale (0–10), score 2.2±1.9 (0–7)
30-s chair stand, number of repetitions 12.8±2.6 (9–19)
TUG, s 8.5±1.6 (5.4–11.7)
CBMS (0–96), score 66.4±12.7 (28–86)
Activities-specific Balance Confidence Scale (0–100), score 88.5±10.8 (59–99)
400 m walk, s 329±50 (227–424)
Data are presented as mean ± SD (range) or n (%). MoCA, Montreal Cognitive Assessment; TUG, Timed-
Up-and-Go; CBMS, Community Balance and Mobility Scale.
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the impairment threshold of 12 s [35]. Their 30-s chair-
stand mean = 12.8 ± 2.6 repetitions, with 12 participants 
below normal threshold [34]. One person dropped out 
after baseline assessment, reportedly because the inter-
vention content did not match her primary goal; improv-
ing upper extremity strength. All others completed as-
sessments and training. Due to technical errors leading 
to insufficient sensor data, some PA measurements 
were lost, and 8 participants were excluded from analysis 
(week 0 n = 5, week 3 n = 3). 
Adherence and Frequency of Practice 
Of a maximum possible 16 activities, participants im-
plemented mean = 12.1 ± 1.8 activities (range 8–15) dur-
ing the intervention, corresponding to mean adherence 
of 76% (range 50–94%). Strength activities were most fre-
quently implemented (mean = 5.6 ± 1.2, range 3–7), fol-
lowed by neuromotor activities (mean = 4.6 ± 1.1, range 
2–7) and PA (mean = 1.9 ± 0.6, range 1–4). 
Most frequently implemented was the sit-to-stand for 
the strength module, one-leg stand and stepping over ob-
jects for the neuromotor module, and break up sitting for 
the PA module; while least frequently implemented were 
toe standing, stepping and changing direction, and walk 
faster (Table 3).
Weekly frequency of practice ranged between 3.6 and 6.1 
days/week depending on the activity (Table 3). Highest fre-
quencies were reported for toe walking (strength module), 
one-leg stand (neuromotor module), and break up sitting 
(PA module). Lowest frequencies were reported for heel 
walking, stepping and changing direction, and walk longer.
Daily frequency of practice ranged between 1.8 and 7.8 
times per day depending on the activity (Table 3). Highest 
frequency was reported for toe standing (strength mod-
ule), stepping over objects (neuromotor module), and 
break up sitting (PA module). Lowest frequency was re-
ported for heel walking, stepping and changing direction, 
and walking longer. 
Table 3. Activities implemented during the intervention
Activity 
module
























Strength Squatting 16 4.8 (6.1) 5.2 (2.3) 6 (1) 6 (2) 6 (1)
Lunging 13 3.9 (1.5) 5.8 (1.6) 6 (2) 5 (3) 6 (1)
Sit-to-stand 28 4.3 (2.8) 5.2 (2.0) 6 (2) 5.5 (3) 6 (1)
Toe walking 18 3.2 (1.4) 6.1 (1.8) 5.5 (1) 6 (1) 6 (1)
Toe standing 7 7.3 (8.1) 5.4 (1.3) 6 (2) 6 (3) 6 (2)
Heel walking 20 3.0 (1.6) 5.0 (1.8) 5.5 (2) 5.5 (3) 6 (1)
Stair climbing 27 5.0 (4.6) 5.7 (1.8) 6 (2) 6 (2) 6 (2)
Move sideways 15 3.3 (2.5) 5.1 (2.0) 6 (2) 6 (2) 6 (1)
Tightening muscles  21 4.2 (2.5) 6.0 (1.4) 6 (2) 6 (3) 7 (1)
Neuromotor Tandem stand 20 2.8 (1.8) 5.5 (1.9) 5 (2) 6 (3) 6 (3)
One-leg stand 23 3.9 (2.9) 6.0 (1.5) 6 (2) 6 (1) 6 (2)
Tandem walk 18 4.3 (2.5) 4.9 (2.1) 6 (1) 5 (3) 6 (4)
Leaning 21 3.4 (4.0) 4.9 (1.9) 5 (2) 4 (3) 6 (2)
Stepping over objects 23 7.8 (9.3) 5.7 (2.0) 5 (2) 6 (2) 6 (2)
Stepping and changing direction 10 2.5 (1.5) 4.4 (2.2) 6 (2) 4.5 (3) 6 (1)
Square stepping, hopping, or jumping 21 2.7 (1.8) 4.6 (2.2) 6 (2) 4 (3) 6 (1)
Physical 
activity
Walk longer 16 1.8 (1.4) 3.6 (2.0) 6 (1) 6 (1) 7 (1)
Walk faster 9 3.1 (3.5) 4.2 (2.5) 6 (3) 6 (3) 6 (2)
Sit less 10 2.1 (1.2) 5.3 (2.3) 6 (1) 6 (2) 6.5 (2)
Break up sitting 20 6.0 (6.5) 5.5 (1.7) 6 (2) 6 (3) 7 (1)
Given are the activities implemented during the intervention period, including frequency of implementation, frequency of practice, 
and rating of acceptability (helpfulness, adaptability, safety). IQR, interquartile range; PA, physical activity.
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Adverse Events
Twelve participants reported some pain related to 
muscle soreness early after initiating the intervention. 
None reported worsening pain or prolonged exercise-re-
lated symptoms. One participant reported a noninjurious 
fall while performing a stepping activity, reportedly be-
cause a tile was loose on the floor, but continued the in-
tervention.
Acceptability of the Activities 
Strength, neuromotor, and PA activities were per-
ceived as helpful for achieving their intended outcomes 
(Table 3), with one-leg stand, tandem walk, and stepping 
reportedly perceived as the most helpful neuromotor ac-
tivities. 
Strength activities were reported as easy to incorpo-
rate. For neuromotor activities, tandem stand, one-leg 
stand, and stepping over objects were reported as easy to 
incorporate. Leaning and stepping, hopping, and jumping 
were reported as more difficult to integrate. PAs were re-
ported as easy to incorporate. All activities were perceived 
as safe. 
Acceptability of the aLiFE Program
All except one participant indicated they would rec-
ommend aLiFE to a friend. There was strong consensus 
and most participants liked aLiFE (online suppl. Table 4). 
Less consensus was found for the adaptability of the ac-
tivities; some found it challenging while others found it 
rather easy. 
There were positive statements to the open-ended 
question about aLiFE related to the integrative training 
approach, including the activities, anticipated benefits, 
and the trainer (online suppl. Table 5). Suggestions for 
improvement related to personalization of activities 
which some participants perceived as too easy, while for 
others they were too challenging. A number mentioned 
that too many activities were implemented during a short 
intervention period. Other aspects that should be im-
proved were lack of social interaction, extensive paper-
work, and the short intervention duration. 
Activity Preferences
The one-leg stand was most often mentioned as the fa-
























































































































































Fig. 1. Participants’ rank reported preferences for different activities. Diagrammed are participants’ 3 favorite aLiFE activities.
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ping, hopping, and jumping (Fig. 1). Sit less, break up sit-
ting, and heel standing were not favorite activities. 
Task Challenge of aLiFE Practice
aLAT testing revealed that neuromotor activities could 
be performed by 45–100% participants at level 1, 45–93% 
at level 2, 3–77% at level 3, and 0–45% at level 4, depend-
ing on the activity (online suppl. Table 2). Strength ac-
tivities could be performed by 92–100% at level 1, 74–
100% at level 2, 70–96% at level 3, and 48–96% at level 4, 
depending on the activity.
Exploratory Pre-Post Measures of Function and PA 
CBMS scores increased from pre-to-post with medi-
um effect size (d = 0.72, p = 0.001). Increase in walking 
time (d = 0.36) and decrease in sedentary time (d = –0.10) 
were nonsignificant (Table 4). 
Discussion
Overall, aLiFE was well accepted in our sample. Par-
ticipants reportedly practiced several activities in the do-
mains of strength, neuromotor exercise, and general PA, 
suggesting feasibility of the initial aLiFE version. Mea-
sureable effects in balance and mobility suggest the po-
tential for improved functional capacity, but a RCT is 
needed before any strong conclusions can be drawn. 
Adherence and Frequency of Practice
In line with original LiFE, aLiFE trainers offered up 
to 4 activities per visit and participants decided how 
many to implement. On average, 76% of the maximum 
possible activities were implemented. Based on partici-
pants’ feedback, the short intervention period made it 
challenging to implement more activities. Greater ad-
herence might be achieved by delivering aLiFE over a 
longer period. 
Higher exercise frequency is generally associated with 
greater effect [40]. In line with original LiFE, our trainers 
recommended practicing activities as often as possible, 
without specifying number of repetitions. Observed 
weekly frequency (Table 3) is comparable to previous re-
search with older cohorts reporting 4.9 days/week of LiFE 
practice [41]. Results show that a similar level of adher-
ence can be achieved in aLiFE, suggesting that transfer to 
young seniors was successful. 
The lower weekly frequency found for more challeng-
ing activities in the neuromotor (i.e., stepping, hopping, 
jumping) and PA (i.e., walk longer, walk faster) domains 
might be related to the specific situations where these ac-
tivities are implemented. As these activities are typically 
performed outdoors, daily practice may not have been 
possible. In contrast, activities such as a one-leg stand can 
be integrated into indoor and outdoor tasks, which may 
explain their higher frequency. 
Adverse Events
Exercise has numerous positive effects. However, 
muscle soreness was frequently reported by our partici-
pants, most likely because they had not exercised fre-
quently prior to the intervention [42]. 
Challenging exercises, although generally more effec-
tive, are associated with higher incidence of adverse 
events [43]. Therefore, safety considerations are relevant. 
The single reported fall event was blamed on a “loose tile” 
rather than the program but, nonetheless, it is essential to 
minimize fall risk as a consequence of taking part in 
aLiFE. The manuals were updated accordingly.
Table 4. Pre-post differences in balance and mobility and PA
Item Pre score Post score Mean difference 
(95% CI)
Effect sizea p valueb
CBMS, total score (n = 30) 65.97±12.73 70.41±13.06 4.44±6.19 (2.10 to 6.89) 0.72 0.001
Walking time, % of total daily activity (n = 22) 8.99±2.01 9.69±3.04 0.70±1.92 (–0.82 to 2.22) 0.36 0.131
Sedentary time, % of total daily activity (n = 22) 44.96±5.84 44.47±5.46 –0.48±4.70 (–3.82 to 2.86) –0.10 0.355
Results of the CBMS and the sensor-based PA assessment (Dynaport) including walking and sedentary time. PA was assessed before 
(pre) and in week 3 of the intervention (post). Data are mean ± SD. PA, physical activity; CBMS, Community Balance and Mobility Scale.
a Effect size calculated as mean difference/SD of mean difference.
b p value for Wilcoxon-signed rank test.
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Acceptability of Activities
Overall, activities were well accepted, but differed de-
pending on activity type. Activities with self-explanatory 
effect, such as one-leg stand, were reported as more help-
ful compared to those focusing on specific aspects of bal-
ance control such as leaning, where the outcome was less 
obvious. Leaning needs to be challenging and toward the 
limits of stability. Precise execution using ankle joint 
movement is crucial to produce an effect. Our results sug-
gest that it was difficult to integrate such specific activi-
ties. Toe and heel walking may not have been adequately 
challenging, as, respectively, 96 and 93% of the partici-
pants were able to perform level 4, suggesting upgrading 
is needed.
Most activities were rated as easy to incorporate, ex-
cept stepping activities. Stepping activities require spe-
cific environments, such as hallway with adequate space, 
or a park, and specific situations, such as going for a walk, 
which may not be part of everyone’s daily routine. De-
spite these challenges, stepping was frequently mentioned 
as a preferred activity, suggesting it is meaningful for 
young seniors.
Acceptability of the aLiFE Program
Overall, high acceptability was reported. Positive rat-
ings were either related to specific aLiFE features or ge-
neric exercise effects such as health benefits. Specific at-
tention should be paid to individual tailoring, as some 
found activities too challenging, while others found them 
too easy. Tailoring would be better achieved within the 3 
months intervention period of the original LiFE pro-
gram.
Implementing and upgrading activities over the course 
of the intervention was reported as challenging by some 
participants. As this process requires time and resources, 
the short intervention period of this pilot feasibility study 
may have prevented optimal implementation. A longer 
period may allow the establishment of an individual pro-
gram and the habits of integrating activities into daily 
routines. In our study, summer holidays and traveling 
were identified as challenges for implementation because 
they disrupted routine. This suggests that seasons need to 
be considered as part of the planning process. 
Paperwork related to LiFE has been previously dis-
cussed as challenging [11], although it is important for 
behavioral change. Our study participants were asked to 
ensure they recorded activities accurately, and adherence 
documentation was collected by trainers during each 
home visit; this was seen as an additional burden by some 
participants.
Activity Preferences
As well as the one-leg stand, challenging activities de-
veloped specifically for aLiFE such as stepping, hopping, 
jumping, and lunging where favorably rated, suggesting 
they are attractive for young seniors. In contrast, activities 
for reducing sedentary behavior were not favorably rated, 
even if practiced frequently. Participants may have per-
formed these activities for expected health benefits [44], 
but did not seem to find these activities as appealing as 
more physically challenging strength and neuromotor ac-
tivities. These perhaps provide more immediate physio-
logical feedback consistent with enhancing self-efficacy 
beliefs.
Task Challenge of aLiFE Practice
In our group of relatively fit young seniors, we were 
able to test whether the activities were challenging enough. 
Task challenge of the neuromotor activities was well bal-
anced across the 4 levels, suggesting that individually tai-
loring and progressing within this heterogeneous popula-
tion is possible. Some strength activities showed ceiling 
effects, and further upgrading is needed.
Exploratory Pre-Post Measures of Function and PA
The effect (d = 0.72) observed in CBMS performance 
may suggest a clinically relevant effect on balance and 
mobility performance relevant for young seniors, al-
though this needs verification in an RCT. This finding is 
in line with comparable effect sizes (d = 0.6) for short-
term interventions (3–4 weeks) on balance performance 
[45]. 
A systematic review of short-term PA interventions in 
middle-aged to older adults reports a moderate effect size 
(d = 0.28) [46]. A similar, nonsignificant, effect (d = 0.36) 
was observed in this study for daily walking duration. It 
is not clear whether nonsignificance here is related to lim-
ited effect or small sample size, and a fully powered RCT 
is needed. At baseline, participants spent 9% of total dai-
ly activity time walking, indicating they were quite active 
[47]. Increasing PA further via aLiFE may have been un-
realistic. Our short intervention may have had limited 
success in implementing PA into routines as this requires 
reorganization, for example, walking instead of taking the 
bus, and is likely better achieved over a longer period.
Conflicting results have been reported for interven-
tions reducing sedentary behavior in older adults [48]. 
We found a nonsignificant 1% reduction for sedentary 
time. While no conclusion about effectiveness can be 
drawn from this feasibility study, our results may indi-
cate greater challenges in influencing sedentary behavior 
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compared to other PA domains, such as strength or neu-
romotor activities. On the same note, participants re-
ported frequent implementation of the break up sitting 
activity designed for reducing sedentary behavior. Prac-
tice may have resulted in multiple, short nonsedentary 
bouts which, however, did not lead to measurable reduc-
tion of total sedentary time. Nevertheless, breaking up 
prolonged bouts of sitting is beneficial for reducing car-
diovascular risk [49]. An RCT is required to further ex-
plore changes in function and PA, with an objective as-
sessment of single sedentary episodes to evaluate the im-
pact of aLiFE.
Refinement of aLiFE
Based on the present results, strength activities have 
been further upgraded by introducing half one-legged 
squat at level 4, doubling distance of toe and heel walking, 
and introducing a new level 5 whereby participants can 
further adjust task challenge using strategies such as in-
creasing isometric hold time, for example, for squatting, 
and increasing distance for toe and heel walking. Pre-
ferred activities were specified in the trainer manual for 
prioritization at the start of the intervention. A section 
about muscle soreness and pain has been included in the 
manuals, to interpret whether symptoms are indicative of 
an initial training effect, or require medical attention. Ad-
vice on avoiding falls during practice, including safe en-
vironments, floor conditions, and footwear, has also been 
included. 
Limitations
The short intervention period was sufficient for initial 
feasibility testing and identification of factors for further 
iterative development according to the MRC framework, 
but not for evaluating effectiveness, behavior change or 
full adoption. Implementing a relatively high number of 
activities within a short period may have overtaxed some 
participants, limited appropriate upgrading over time, 
and negatively biased reporting. No information about 
upgrading was collected, to limit participant burden. We 
did not measure whether the principles “walk longer” and 
“walk faster” resulted in sufficiently challenging activities 
with adequate duration and intensity for inducing an ef-
fect on health. The uncontrolled design prevents drawing 
any robust conclusion about effectiveness. Our findings 
in relatively fit young seniors may not be generalizable to 
those with more advanced functional decline. However, 
we retained all original LiFE activities suggesting that 
aLiFE is also feasible in more impaired persons, through 
its tailored approach.
Conclusion
The first 2 steps of adapting LiFE to young seniors 
were successfully completed and the positive overall feed-
back justifies continuation. Study results allow program 
refinement and the measureable effects are encouraging, 
but require RCT-based validation. According to the MRC 
framework, the next step will be to test implementation 
of aLiFE in a larger, longer duration feasibility RCT [14]. 
Furthermore, the effectiveness and costs of aLiFE need to 
be compared to formal programs. We will evaluate strat-
egies for a potentially more cost-effective ICT-based in-
tervention delivery of aLiFE [14] and a group model for 
teaching the program [50]. In summary, the present study 
represents an important step toward the development of 
an integrated training approach for preventing function-
al decline in young seniors. It should be seen as an impor-
tant part of the process of intervention development.
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